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Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8
Introduction
Using remotely sensed data, researchers have patterned various flora biophysical variables that led to the creation and use indices for vegetation studies (Running and others, 1994; Jensen, 2005 ). Kauth-Thomas or Tasseled Cap (TC) transformations on remotely sensed image bands highlight the brightness, greenness, and wetness present in the images (Kauth and Thomas, 1976; Crist and Kauth, 1986) . The TC transformation can be used in a variety of vegetation and soil studies, such as evaluating bark beetle effects on spruce forests (DeRose and others, 2011); mapping wildfire and deforestation activities (Schroeder and others, 2011) ; assessing soil salinity (Gutierrez and Johnson, 2010) ; and identifying shorelines (Ouma and Tateishi, 2006) .
The TC transformation was designed primarily for Landsat Multispectral Scanner (MSS), Thematic Mapper (TM), and Enhanced TM (ETM+) data. For each sensor, a matrix of coefficients for the image bands was created. The Landsat MSS matrix was described by Crist and Cicone (1984) ; the Landsat TM by Crist (1985) ; and the ETM+ by Huang and others (2002) . TC transformations also have been done for Moderate Resolution Imaging Spectroradiometer (MODIS) (Zhang and others, 2002; Lobser and Cohen, 2007) , IKONOS (Horne, 2003) , and Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) (Wang and Sun, 2005) .
The U.S. National Aeronautic and Space Administration's (NASA) Earth Observing-1 (EO-1) satellite orbits in formation with Landsat 7. EO-1's Advanced Land Imager (ALI) sensor is the precursor to the operational land imager (OLI) instrument to be flown on the Landsat Data Continuity Mission (LDCM) and has similar spectral characteristics to Landsat TM and ETM+ (table 1) . The spatial resolution (30 meters, nominally) remains standard for all three sensors and all bands, with the exception of thermal and panchromatic bands. The EO-1 orbit allows for ALI image acquisition within 1 minute of Landsat ETM+. The satellite also can perform cross-track pointing capability to focus on targets. ALI images have been used for multiple remote-sensing analyses [for example, mapping vegetation (Helmer and others, 2010) ; measuring seawater turbidity (Chen and others, 2009 ); characterizing soils (Bannari and others, 2008) ; and detecting ice sheet change (Bindschadler and others, 2010) ]. Currently (2011), there is no widely accepted TC matrix for ALI images.
Verification of the radiometric calibration of the ETM+ and ALI image pairs previously has been done because of the similarities between the ETM+ and ALI images.The agreement within the visible and near-infrared bands is within 2 percent, whereas the agreement within the shortwave bands is slightly lower at 4 percent (Chander and others, 2004) in non or low vegetated areas. Agreement between bands in vegetated areas, or in areas with high aerosol loading, was not included in the study.
An investigation was done to determine if the coefficient matrices using reflectance values derived for Landsat TM (Crist, 1985) and ETM+ (Huang and others, 2002) could be applied to ALI images because of the widespread use of the TC transformation for vegetation and soil studies. If such a relation between Landsat TM and ALI existed, then the Landsat TM TC matrix could be used instead of developing a new TC matrix for ALI; therefore, the goal of this study is to determine the feasibility of product interchangeability between sensors. 
Approximating Tasseled Cap Values to

Methods
Study Sites and Dataset
To best investigate the appropriation of using a Landsat TC matrix for ALI, the study sites were chosen to represent different geographic areas, and a range of moisture (precipitation) and vegetation regimes in the contiguous United States. The five study sites are located in California, Colorado, Georgia, Missouri, and an area bordering West Virginia, Pennsylvania, Virginia, and Maryland ( fig. 1) figure 1 ). Site differences illustrate the utility of our approach for different climate areas for the possibility of expansion into larger areas (table 2) . Although nonvegetated areas with high reflectance would have been ideal to best compare radiometric details of ALI images with TM images, the goal was to test suitability for a variety of real-world scenarios.
A total of 20 orthorectified images were used (table 3). The Landsat TM images had Level 1T (L1T) processing applied and the ALI images were Level 1Gst (L1Gst), resulting in radiometrically and geometrically corrected images. Four images were used per site, with two corresponding Landsat TM and ALI images chosen for two different dates between 2001 and 2008. Two dates per site were used to capture the variance of moisture (precipitation) and vegetation conditions with time. Selected images were cloud-free in the areas of overlap and had a difference of less than 10 days between the dates of acquisition.
Landsat TM images were used to eliminate the inclusion of Landsat ETM+ images with the Scan Line Corrector (SLC) off. In addition, a high correlation between Landsat TM and ALI images using similar methods was reported in an abstract by Finn and others (2006) . However, as the EO-1 satellite was designed to fly in formation with Landsat 7, the inclusion of one Landsat ETM+ image from 21 March 2003, row 43, path 34 also was used for comparison.
Description of Methods
All images used in the study were converted to radiance, top of atmosphere (TOA) reflectance, and TC images ( fig. 2) . The conversions to radiance and reflectance were completed using methods outlined in Chander and others (2009) . The coefficients for specific Landsat image spectral bands corresponding to the ALI bands (table 1) were applied using the TC matrices for either TM or ETM+ (Crist 1985; Huang and others, 2002) .
For each matched pair of images (similar dates and same row/path), 30 random points were extracted from the area of overlap ( fig. 3 ). Spectral information for each point was then extracted from each pertinent reflectance, radiance, and TC band. Linear regression was used to test the relation between the Landsat TM and the ALI images. Figure 2 . Steps to convert the original imagery to radiance, reflectance, and TC images. 
Tasseled Cap comparison
Note: The R 2 value for reflectance is low, but the R 2 value for TC is high. Note: There is a closer correspondence for some points (for example, Landsat TM band 7/ALI band 9) than others (for example, Landsat TM band 5/ALI band 8). 
ALI
Reflectance comparison
ALI reflectance
Note: The R 2 value for reflectance is high but the R 2 value for TC is low. 
ALI
Discussion
The TC transformations on Landsat MSS, TM, and ETM+ are used regularly to find measures of brightness, greenness, wetness, and other characteristics from a remotely sensed image. Despite the spectral, temporal, and spatial similarities, Landsat TM and ALI images do not universally correlate well in regards to reflectance and radiance values. Thus, the TM TC coefficient matrix cannot be used with the ALI images.
Generally the ALI sensor was designed to mimic the ETM+ sensor, which was, in turn, designed to complement previous Landsat sensors, spectral and spatial similarities between ALI and Landsat exist. The two sensors do not, however, correlate well for the scenes used in this study and it is apparent that such similarities do not warrant equal values for all scenes and areas covered by the satellites. There are several possible explanations for such differences.
Although the best choices of cloud-free image pairs relatively near an acquisition date were used for each study area, a gap of several days between the TM and ALI images was unavoidable. It is possible that this span of time could result in differences in vegetation and atmospheric conditions, especially as images were not chosen to fall in vegetation-free areas.
Although one of its inherent strengths, the ability of the EO-1 satellite to perform cross-track pointing also may contribute to the weaknesses in correlation, because the look angles of Landsat 5 and 7 remain constant at near-nadir. Another possible explanation is the difference in radiometric resolution of the data sources. Landsat TM and ETM+ are scaled to 8-bit, whereas ALI is scaled to 16-bit, as a result of radiometric calibration. In addition, because the relative spectral response functions differ between the sensors, their interchangeability in the use of a TC matrix may suffer.
Based on these results, a TC matrix specific to ALI imagery needs to be developed. The striping effects of SLC-Off for Landsat 7 can be hidden by resampling methods, and for those studies that will not be affected detrimentally by these efforts, Landsat 7 can continue to be a valid option. Studies that require an image without such resampling and for an image acquisition date that ALI can provide then ALI imagery reamains a viable alternative. ALI data also are preferred when a look angle other than near-nadir is needed, or if the footprint of the ALI image covers the study area, which eliminates the need for image mosaicing and issues with differing acquisition dates. The ability to extract brightness, greenness, and wetness information from ALI imagery remains out of reach without a TC matrix. 
